Introduction
The genus Ornithogalum is composed of species that are difficult to separate taxonomically and comprises about 160 species (Manning et al., 2009) , or even 200 according to Martínez-Azorín et al. (2007) . Recently, 2 papers were published about the taxonomical treatments of Ornithogaloideae, the results of which were based on analyses of nuclear and plastid DNA regions (Manning et al., 2009; Martínez-Azorín et al., 2011) . Both Manning et al. (2009) and Martínez-Azorín et al. (2011) used the same gene regions and almost equal numbers of taxa to solve taxonomical problems at the intra-and/or infrageneric level. However, their results were not congruent with one another. Martínez-Azorín et al. (2011) reported that 19 monophyletic genera could be accepted within Ornithogaloideae and these had a particular syndrome of morphological characters. On the other hand, Manning et al. (2009) suggested an alternative taxonomical treatment and preferred to define the genera more broadly. When we evaluated the 2 approaches, the first study seemed to agree with those of Speta and others (Speta, 1998; Pfosser and Speta, 1999; Chase et al., 2000; Manning et al., 2004 Manning et al., , 2009 such that taxonomical regulations and many monophyletic genera were restored. The second study recognized only 3 monophyletic clades and Ornithogalum was positioned in 1 of these, having morphologically diagnosable lineages. Finally, this monophyletic genus was divided into subgenera and sections. In light of these studies, we adopted the Manning et al. (2009) results for taxonomical treatments of Ornithogalum because of the clear consistency with the principle of monophyly.
With the additional species found later, the genus Ornithogalum has reached 61 species in Turkey, and 31 of these are endemic (Uysal, 2012) . O. chetikianum and O. demirizianum belong to Ornithogalum subgenus Myogalum (Link) Baker (Cullen, 1984) . This subgenus has only 4 species in Turkey: O. nutans L. (Cullen, 1984) ; O. demirizianum Malyer & Koyuncu (1989) ; O. chetikianum Uysal, Ertuğrul & Dural (2005) ; and O. boucheanum (Kunth) Asch. (Dalgıç et al., 2009) . Recently, O. nutans and O. boucheanum were examined by Meriç et al. (2011) in terms of their morphological and anatomical characteristics. Palynological and micromorphological properties of the species have also been reported (Bednorz and Czarna, 2008; Dalgıç et al., 2009 40°38′N, 26°32′E, 0 m, 01.05.1988, G. and A. Dalgıç (EDTU 1970) (Meriç et. al., 2011) .
Ornithogalum boucheanum; A1 (E) Edirne: Karakasım: Tayakadın village, 41°31′N, 26°37′E, 29 m, 29.04.2004, G. Dalgıç and F. Dane (EDTU 9499!) (Meriç et. al., 2011) .
Morphological and anatomical studies
For morphological description of the species, some plants were prepared as herbarium material and deposited in the KNYA herbarium. Taxonomic descriptions of the plants were made according to related articles and our observations (Malyer and Koyuncu, 1989; Uysal et al., 2005) .
For anatomical investigations, specimens were kept in 70% ethanol. Anatomical studies were carried out on 20 samples for each taxon. On average, 20 preparations were made for each type of section for the 20 pieces of plant material and 30 cell groups measured. The paraffin method was used for cross-sections; sections were taken by a Thermo Scientific Shandon Finesse 325 Rotary microtome. Paraffin sections were then stained with safranin-fast green and they were mounted with Entellan. Only cross-sections of O. demirizianum leaves were taken by a razor blade and were stained with floroglusinHCl. Slides were observed with a Leica DM 1000 light microscope. Measurements were made with the Cameram 21 program and photos were taken with a Canon EOS 450D camera that was attached to the light microscope.
Palynological and micromorphological studies
For palynological investigations, pollen samples were obtained from the herbarium material. For light microscopy investigations, the pollen slides were prepared according to the Wodehouse technique (1935) . Measurements and observations were made using a Leica DM 1000 light microscope with a Canon 450D camera. The long axis (A), the short axis (B), the sulcus length, the sulcus width, and the thicknesses of exine and intine were examined in 30 pollen grains for each taxon and A/B ratios were calculated. For scanning electron microscope (SEM) investigations, unacetolyzed pollen grains were first mounted on a double-sided carbon tape affixed to aluminum stubs, and then covered with gold using a Cressington Auto 108 sputter coater and photographed with a ZEISS EVO LS10 SEM. In pollen terminology, mainly those of Pehlivan (2007, 2010) and Punt et al. (2007) were followed.
The mature fruits and seeds were observed with a stereomicroscope to determine whether they were normalsized or not, and then mature fruits and seeds of each taxon were measured. For SEM investigations of fruits and seeds, the same procedure as that used for pollen grains was applied. The terminology of Pınar (2012) and Bednorz and Czarna (2008) was used for fruit and seed.
Results

Morphological properties
O. chetikianum Uysal, Ertuğrul & Dural
Plant height 13-15 cm (Figure 1a) . Bulb 2.5-3 × 2.5 cm, globose, without bulblets; outer tunics brown, inner ones whitish, membranous. Leaves 6-8, spreading, linearlanceolate, canaliculated, longer than scape, 20-22 × 1 cm, median line grayish, margins entire, glabrous. Scape erect, 10-11 × 0.5 cm, glabrous. Raceme cylindrical, dense, 4-5 cm long, 5-10-flowered. Bracts, lanceolate, acuminate, 1.5-2 cm long, longer than pedicels. Pedicels ±erect, 5-7 mm in flower, short and thickened in fruit. Perigone segments 11-20 mm long, white inside, green with narrowly white margins outside. Filaments 7-10 mm long, broadened and winged, with 2 large teeth on both sides of anther; anthers 2 × 1 mm, cream-colored. Ovary 4 mm long, shrunken ovoid-shaped, slim, longer than the style; style ca. 3.5 mm long. Fruits 10-17 × 4-6 mm, ovoid and angular ( Figure  1b) . Seeds 2.3-3.3 × 1.2-2.1 mm, black and rough ( Figure  1c ). Grows on alpine steppes, 1900-2000 m.
O. demirizianum Malyer & Koyuncu
Plant height 25-30 cm ( Figure 2a ). Bulbs oblong, ovoid, 3 × 2.5 cm, outer tunics yellowish-light brown, inner ones cream, membranous, without bulblets. Scape 16-21 × 0.2-0.5 cm, glabrous, erect at flowering time. Leaves basal, 2-5, flat, 19-37 × 0.3-2 cm, spreading, lanceolate, longer than the scape, glabrous, margins entire, acuminate at the apex. Raceme cylindrical; with lower 2-5 campanulate nodding fertile flowers and upper 2-3 sterile flowers; pedicels 6-8 mm long in flower; bracts lanceolate, 12-17 mm long in flower, long acuminate, longer than the pedicels; bracts 22-25 mm long in fruit, shorter than the fruit. Perigone segments 20-27 mm long, inner ones white, outer ones grayish-green. Filaments of stamens broadened and bearing wing ending in 2 large teeth on both sides of the anther; anther sessile, 4-5 × 1.5 mm, yellow, brown in maturity. Ovary ovoid, 2-2.5 mm long; style stout, ca. 1.5 mm long including stigma, shorter than the ovary. Fruit pedicels 6-7 mm long, shorter than the fruit. 
Scape anatomy
The epidermis, which comprises a single layer of almost rectangular (rarely orbicular) cells and is covered by a thin cuticle, encloses the scape of the outermost surface of both species. There are no hairs on the epidermis. Under the epidermis lies the cortex; it has 4-5 layers and is composed of oval parenchymatous cells in O. chetikianum (Figures 4a  and 4b ). The cortex cells have 2-3 layers in O. demirizianum (Figures 4c and 4d) . These parenchymatous cells contain few chloroplasts and crystals in both species. In addition to these, O. demirizianum cortex parenchymatous cells also have lacunae. The sclerenchymatic tissue, which has 3-4 layers, follows the cortex towards the center in O. chetikianum and the vascular cylinder of O. chetikianum has 25-35 vascular bundles. Sclerenchymatic tissue in O. demirizianum has 2-3 layers and there are 20-25 vascular bundles in its vascular cylinder. Vascular bundles comprising xylem and phloem are of the collateral type and they begin with sclerenchymatic tissue. In outer circles, the bundles are smaller than the inner bundles. The center of the scapes (the pith region) is composed of parenchymatous cells.
Leaf anatomy
The epidermis of leaves is uniseriate in both species and they are surrounded by a not-thickened cuticle. The upper and lower epidermal cells are rectangular-oval and the upper epidermis cells are larger than the lower ones. A mesophytic stoma is placed on both sides of the leaves (amphistomatic). There are cylindrical and bilamellate parenchyma cells, which involve abundant chlorophyll among the upper and lower epidermis in O. chetikianum (Figure 5a) . O. demirizianum leaves have a single row of parenchyma cells. They are localized on both sides of epidermis and contain little chlorophyll (Figure 5b) (Figures 7a and 7b) . On the other hand, the fruits of O. demirizianum are oblongovoid, emarginated, glabrous, wingless, pensile downward, and capsule ornamentation is indistinctly irregular striate (Figures 7c and 7d) . The capsules of both species are manyseeded (more than 10 seeds).
Seed characteristics
Variations in seed characters in the 2 studied species (O. chetikianum and O. demirizianum) and also in O. nutans and O. boucheanum are shown in Table 3 . The seeds of O. chetikianum are smaller than those of O. demirizianum (Table 3 ). The outline of the seeds of O. chetikianum is ovate-orbicular and seed surface is reticulate-striate ( Figures 8a and 8b) ; that of O. demirizianum is ampulliform and seed surface is reticulate (Figures 8c and 8d ). Micropylar poles of the examined species are mucronate, blunt, and distinctly swollen and they are different from one another based on sizes. (Bednorz and Czarna, 2008) O. boucheanum (Bednorz and Czarna, 2008) Seed length (mm) 2.3-3.32 (mean: 2.53 ± 0.41) 3.0-4.0 (mean: 3.24 ± 0.59) 1.9-2.8 (mean: 2.28 ± 0.27) 1.9-2.5 (mean: 2.14 ± 0.14)
Seed width (mm) 1.59-2.18 (mean: 1.99 ± 0.49) Chalazal poles of the species are ovoid. Raphe is present in both species but it is flat in O. chetikianum and flat and S-shaped in O. demirizianum. The 2 studied species have black and shiny seeds. The seed coats of O. chetikianum and O. demirizianum are similar, but cell arrangements are different. The cell shapes are tetragonal-hexagonal in O. chetikianum, whereas they are only hexagonal in O. demirizianum. The seed cell walls of O. demirizianum are ruined, so hexagonal structure cannot be clearly distinguished.
Discussion
Ornithogalum chetikianum and O. demirizianum are perennial, bulbous monocotyledon plants. In this study, we investigated the morphological, anatomical, palynological, and micromorphological characters of O. chetikianum and O. demirizianum, 2 endemic species in Turkey of Ornithogalum subgenus Myogalum (=Honorius). Our morphological observations and measurements of O. chetikianum and O. demirizianum are mostly congruent with the descriptions reported in related articles (Malyer and Koyuncu, 1989; Uysal et. al., 2005) . However, some morphological characters show differences from those given in the cited articles and these characters are presented in Table 4 .
The cross-sections of roots show a common general view of primer roots. The cortex parenchyma layer in the roots of O. chetikianum has 5-6 rows; however, O. demirizianum has 7-8 rows. There are 5 protoxylem ridges between the phloem strands in O. chetikianum xylem, but the root of O. demirizianum comprises 4 protoxylem arms. In both species, the central vascular cylinders are occupied by 3-4 large metaxylems. Thus, these characters can be used as diagnostic anatomical root characters for distinguishing the species.
All of the species of Ornithogalum subgenus Myogalum have an epidermis on the outermost surface of their scape anatomy. The cortex parenchyma has 4-5 rows, contains chloroplast and crystal, and has no lacunae in O. chetikianum, but O. demirizianum has 2-3 rows and lacunae. The cortex parenchyma has 3-4 rows in O. nutans and 2-3 rows in O. boucheanum (Meriç et al., 2011) . In O. demirizianum scape anatomy, the sclerenchyma tissue has 2-3 rows, while in O. chetikianum, O. nutans, and O. boucheanum it has 3-4 rows. The number of vascular bundles in the vascular cylinder is 25-35 in O. chetikianum, 20-25 in O. demirizianum, 35-39 in O. nutans, and 37-43 in O. boucheanum. In scape anatomy, the number of layers of cortex parenchyma and sclerenchymatic tissue and the number of vascular bundles in the vascular cylinder can be used as diagnostic characters for distinguishing species.
The leaf anatomies of the studied species and the other members of Ornithogalum subgenus Myogalum are different. At first glance, the structures of cells of mesophyll in leaf anatomy between the species draw attention. The mesophyll of O. chetikianum consists of 2 different types of parenchymatous cells (cylindrical and oval). However, mesophyll in O. demirizianum has monotypic parenchymatous cells (only cylindrical) (Figure 5b) . Meriç et al. (2011) (Meriç et al., 2011) .
Pollen grains in O. chetikianum are monosulcate and prolate-spheroidal, but in O. demirizianum they are both monosulcate and zonosulcate (90% monosulcate, 10% zonosulcate) and prolate. Those characters differ from the previous study on Ornithogalum species (Karaca et al., 2007 The characteristics of the capsules of the examined species and also of the other members of Ornithogalum subgenus Myogalum (Meriç et. al., 2011) are summarized in Table 5 . Capsules of the species are wingless and the ornamentation of the examined species (O. chetikianum and O. demirizianum) is indistinctly irregular striate. Detailed investigations about capsules can guide the studies about the genus that will be done in the future.
The shapes of the seeds of O. chetikianum and O. demirizianum were investigated macromorphologically and they were found to be clearly different from each other (O. chetikianum has globose seeds and O. demirizianum (Malyer and Koyuncu, 1989) O. chetikianum O. chetikianum (Uysal et al., 2005) Bulb 3 × 2.5 cm, globose ca. 1.5 cm 2.5-3 × 2.5 cm, globose 2.5-3. 5 × 1.5-3 cm has ampulliform seeds). Additionally, micromorphological seed characters of these 2 species showed that the seed surface shape of the cells is varied (O. chetikianum is tetragonal-hexagonal, O. demirizianum is hexagonal). On the other hand, Bednorz and Czarna (2008) reported that the seeds of O. nutans and O. boucheanum do not differ in size and shape (subspherical-spherical); instead, their seed surface is the most essential feature. Seed outline of O. demirizianum is ampulliform, but the other 3 species of Ornithogalum subgenus Myogalum have similar seed outlines. According to our findings, the number of the cortex and sclerenchyma layers in the scape and the type of mesophyll in the leaf are among the important anatomic characters for distinguishing species. Moreover, muri walls in pollen, the shape of the fruit, the shape of the seed, and seed ornamentation can also help to separate species. The anatomical, palynological, and micromorphological studies on the genus are very scarce; therefore, more comparative studies are required for future discussions.
